This paper analyzes the impact of unanticipated changes in the Federal funds target on equity prices, with the aim of both estimating the size of the typical reaction, and understanding the reasons for the market's response. On average over the May 1989 to December 2001 sample, a "typical" unanticipated 25 basis point rate cut has been associated with a 1.3 percent increase in the S&P 500 composite index. The estimated response varies considerably across industries, with the greatest sensitivity observed in cyclical industries like construction, and the smallest in mining and utilities. Very little of the market's reaction can be attributed to policy's effects on the real rate of interest or future dividends, however. Instead, most of the response of the current excess return on equities can be traced to policy's impact on expected future excess returns. JEL codes: E44, G12.
Introduction
The reaction of the stock market to monetary policy is clearly a topic of intense interest both to market participants and policymakers. Those Section 3 takes up the question of what explains equity prices' response. It turns out that only a small portion of equities' excess return variance can be explained by the effects of real interest rates or dividends; most is attributed to the induced time variation in expected excess equity returns. So while an unanticipated rate cut generates an immediate increase in equity prices, it is followed by an extended period of lower-than-normal excess returns.
One interpretation of this result is that monetary policy surprises are for some reason associated with changes in the equity premium. But in the absence of a fully-developed asset pricing model, it is impossible to distinguish this interpretation from a market overreaction.
Naturally, this is not the first paper to deal with the connection between monetary policy, equity prices, and the macroeconomic environment. One recent paper is by Rigobon and Sack (2002) , who estimated the contemporaneous impact of monetary policy on bond and stock prices using a novel estimator exploiting the heteroskedasticity introduced by unexpected policy actions. Other papers in this vein include Jensen, Johnson and Mercer (1996) , Jensen and Mercer (1998) , who examined the disaggregated response of stock prices to changes in the discount rate. Boyd, Jagannathan and Hu (2001) focused on equity prices' response to unemployment news, rather than monetary policy; but their explanation for the market's "perverse" reaction (i.e., the association of higher-than-expected unemployment with increases in equity prices) has to do with the presumed response of monetary policy. Goto and Valkanov (2000) examined the policy-induced covariance between equity prices and inflation, using policy shocks obtained from a conventional identified vector autoregression (VAR) model. Taking a less structured approach, Fair (2002) identified the largest changes in equity prices at 1-to 5-minute intervals, and found that nearly one-third of those were associated with news about monetary policy. For the most part, however, these papers have focused narrowly on the question of how the market responds, rather than why; our aim is to address both of these issues within a single framework.
Equities' reaction to target rate changes
This section focuses on the immediate impact of monetary policy on equity prices, both for broad stock market indices, and for individual industries. As noted in the introduction, however, one difficulty inherent in measuring policy's effects is that asset markets are forward looking, and hence tend to incorporate any information about anticipated policy changes. Some effort is therefore required to isolate the unexpected, or "surprise" policy change which might plausibly generate a market response. This does not say that asset prices respond to monetary policy only when the Fed surprises the markets, of course. Naturally, asset prices will also respond to revisions in expectations about future policy, which in turn may be driven by news about changing economic conditions. Unexpected policy actions merely represent convenient "natural experiments" which allow us to gauge the market reaction.
One convenient, market-based way to identify unexpected funds rate changes relies on the prices of Fed funds futures contracts, which embody expectations of the effective Fed funds rate, averaged over the settlement month. 2 Krueger and Kuttner (1996) found that the Fed funds futures rates did a good job of forecasting, efficiently incorporating available data on the likely policy actions. Kuttner (2001) subsequently used this approach to estimate the response of the term structure to monetary policy. The analysis in this section uses a similar approach to gauging the response of equity prices to unanticipated changes in the presented using policy surprises defined at a monthly frequency.
Measuring the surprise element of policy actions
A measure of the surprise element of any specific change in the Fed funds target (which was either implicitly or explicitly the operating instrument of Federal Reserve policy over the period analyzed) can be derived from the change in the futures contract's price relative to the day prior to the policy action. Specifically, the "surprise" target rate change can be calculated as the change in the "spot month" (i.e., for the month in which the target is changed) Fed funds futures rate on the day of the rate change, scaled up by a factor related to the number of days in the month affected by the change,
wherer u is the unexpected target rate change, f 0 s,t is the spot-month futures rate on day t of month s, and m is the number of days in the month. 3 The expected component of the rate change is simply defined as the actual minus the surprise, or
Getting the timing right is crucial for the analysis of daily data. Before 1994, when the Fed began announcing changes in the funds rate target, markets generally became aware of policy actions on the day after the decision, when it was implemented by the open market desk. Any funds rate surprises, therefore, are assumed to have occurred on the day after the FOMC's decision.
December 18 1990, is an exception to this rule, however. On that day, the Fed took the unusual step of announcing a 50 basis point cut in the discount rate immediately following 3 As discussed in Kuttner (2001) , when the rate change comes on the first day of the month, f 1 s−1,m would be used instead of f 0 s,t−1 . Also, to avoid amplifying any month-end noise, when the rate change falls on one of the last three days of the month, the unscaled change one-month futures rate is used instead of the change in the spot month rate. the FOMC meeting, this was widely (and correctly) interpreted as signaling a 25 bp funds rate cut. The decision was public at 3:30 p.m., after the close of the futures market, but before the close of the stock market. 4 Because of this unusual timing, the funds rate cut is assumed to have occurred on the 18th, and the difference between the opening future rate on the 19th and the closing rate on the 18th is used to calculate the surprise.
The announcement of target rate changes, which began in February 1994, eliminates anomalies like that of December 18, 1990. Because the change in the target rate is generally announced prior to the close of the futures market, the futures rate generally incorporates any news about monetary policy. But the post-1994 period also includes one occasion -October 15, 1998 -on which an action was announced after the close of the futures markets. Consequently, the difference between the opening rate on the 16th and the closing rate on the 15th is used to calculate the surprise.
A word on endogeneity
An important issue in this analysis is that of endogeneity, which could arise from three distinct sources. One possible source would be a direct response of monetary policy to stock market fluctuations. Empirical work on the Federal Reserve's reaction function has generally failed to find such a response, however. [See, for example, Bernanke and Gertler (1999) .]
A second possible source of endogeneity is a joint response of policy and the stock market to new information. For example, the release of data indicating weaker-than-expected economic growth might plausibly lead to both a decline in the stock market, and to a cut in the target Fed funds rate. This is probably not an issue for surprises measured at a daily frequency, however, as a same-day response by the FOMC to new information would be highly unlikely. Thus, it is reasonable to interpret the surprises defined in this way as mon-etary policy "shocks," in the sense that they do not incorporate an endogenous reaction to macroeconomic developments. 5 The September 17, 2001 rate cut is an important exception, however: the market's sharp decline and the Fed's 50 bp rate cut were both (at least in part) responses to the preceding week's terrorist attacks. A similar co-movement would be observed if market participants believed the Fed's policy actions incorporated a response to private information. Stocks could fall on a rate cut, for example, if investors inferred from the Fed's actions that the economy was weaker than they had previously thought.
If any form of endogeneity were present, then an instrumental variables procedure, such as the heteroskedasticity-based estimator proposed by Rigobon and Sack (2002) , would be required to obtain an unbiased estimate. However it is important to note that to the extent that this endogeneity exists, it would tend introduce a downward bias in the stock market's estimated response to monetary policy. And in any case, our results do not depend on the assumption that the FOMC bases its decision on publicly released data. Our approach is still valid, even if measured funds rate surprises include a response to private information -and indeed it provides some insight into what that information might be. Consequently, we need not take a stand on whether these surprises move markets because they represent true policy shocks, or because they reveal private information.
Results for rate change days
We start by documenting the effects of surprise policy actions on various measures of stock prices. A scatterplot of the one-day percentage change in the S&P 500 composite index against the Fed funds surprises appears in figure 1, for those days on which the funds rate target was changed. A negative correlation is clearly evident: negative surprises (unanticipated rate cuts) are associated with stock market rallies, and positive surprises (unantici- funds rate surprise, bp change in S&P500, percent pated rate hikes) with declines.
One outlier in the southwest quadrant is conspicuous, however: an observation in which a sharp decline in equity prices accompanied a surprise rate cut. It turns out that this anomalous observation to corresponds to September 17, 2001 -the first trading day after the September 11 terrorist attacks. In this instance, the comovement clearly reflects the joint reaction of policy and the stock market to an exogenous shock, rather than the market's response to the Fed. This observation, therefore, is dropped from the analysis.
The first two lines of table 1 report the impact of unexpected policy actions on two broad measures of stock prices: the S&P 500 and the CRSP value-weighted index. The effect is estimated from a regression of the one-day log return (in percentage terms) on the anticipated and unanticipated components of the change in the Fed funds target (also expressed in percentage terms), i.e., The dependent variable is the one-day log return, excluding dividends, expressed in percent. The unanticipated and anticipated components of the change in the Fed funds rate are given by equations 1 and 2, and are expressed in percent. The column labeled "firms" gives the number of firms in each portfolio. The regressions also include an intercept (not reported).
where p t is the logarithm of the stock price. As in figure 1 , the sample consists of those days on which the target rate was changed. 6 The (highly significant) estimated coefficient on the surprise of −5.29 implies a surprise 25 basis point rate cut typically leads to a 1.3 percent gain in the index. 7
Consistent with the efficient markets hypothesis, the market responds much more strongly to surprises than expected actions: the coefficient on the expected component is statistically significant, but small in magnitude (and has the "wrong" sign). 8 The R 2 is also noteworthy, as it implies that 28 percent of the variance in equity prices on the days of funds rate changes is associated with monetary policy actions. The reaction is all the more remarkable, given that much of the Fed funds surprises measured at a daily frequency represent shocks to the timing or rate changes, rather than to the medium-term path of interest rates. 9 The stock market's generally enthusiastic response to the eleven rate cuts in 2001 (several of which were at least partly unanticipated) is consistent with this pattern. Indeed, the estimated reaction is smaller and less significant when 2001 is excluded, although statistical tests do not reject the hypothesis that the coefficient has remained constant.
To analyze the response of individual industries, we turn to portfolios constructed from CRSP stock returns, grouped according to primary NAICS code into ten indices: information technology, construction, services, manufacturing, financial, retail, transportation, wholesale trade, utilities, and mining. The remaining ten rows of table 1 report the re-sults from estimating equation 3 on these ten industry portfolios. (The table also reports the number of firms in each portfolio.) Not surprisingly, the largest coefficient is obtained in the construction sector, whose stock price reaction is nearly twice that of the broader market indices. The information and retail sectors also respond somewhat more strongly than the market as a whole. Little or no response is observed among stocks in mining and utility sectors, which are usually considered relatively acyclical. Not surprisingly, these sectors are also characterized by very small (or negative)R 2 s, reflecting the predominance of idiosyncratic factors in these firms' stock returns.
The reaction measured at monthly intervals
An alternative way to define the policy surprise is to focus on the expected change in policy at a regular, monthly horizon. Unlike the daily event study-style analysis, the regular timing is amenable to the time series approach employed below in section 3 to assess the causes of the market's response. One important feature of this approach is that any month could potentially contain a surprise policy action; another is that policy inaction could also create a surprise. These two features make this approach less susceptible to any sample selection issues that might arise in an analysis of rate change days.
A slightly different method is used to derive a monthly measure of unanticipated policy actions. Since the price of the Fed funds futures contract is based on the monthly average Fed funds rate, the appropriate definition would bē
wherer s,i is the funds rate target day i of month s, and f 1 s−1,m is the rate corresponding to the one-month futures contract on the last (mth) day of month s − 1. 10 The expected funds rate change is defined analogously as
The sum of the two is the average funds rate target in month s minus the target on the last day of month s − 1. (Since this is not the first difference of either the average or the month-end funds rate target, the slightly non-standard notation∆ is used.)
One caveat to this approach that the endogeneity issue discussed above in section 2.2 is more relevant to Fed funds surprises defined at a monthly interval, than it was for the day-ahead surprises. Rate changes unanticipated as of the end of the prior month may well include a systematic response to economic news, such as employment, output and inflation.
Consequently, it is important to bear in mind that these "surprises" do not correspond to the monetary policy "shocks" as the term is used in the monetary VAR literature.
This definition of the funds rate surprise also raises a new issue: that of time aggregation. The (unavoidable) reliance on the average funds rate will attenuate the size of the policy surprises, a problem discussed in detail in Evans and Kuttner (1998) . Unfortunately, without making specific assumptions about the days of possible rate changes, there is no clean way to correct for this problem. 11 Consequently, some caution is required when interpreting the magnitude of the surprises measured in this way. Figure 2 plots the monthly change in the S&P 500 composite against the monthly surprises defined in this way. As in the daily data, a strong negative correlation is evident;
and here too the September 2001 outlier is visible. As discussed above, it makes sense to drop this observation from the analysis, as it represents the common response of monetary policy and the stock market to extraordinary news.
The sample used for the analysis contains a number of very sharp stock price move-11 After the 1994 change in protocol, for a time it seemed reasonable to assume that actions were expected only at scheduled FOMC meetings; but the three intermeeting rate cuts in 2001 have made that assumption less plausible. funds rate surprise, bp change in S&P500, percent ments, at least two of which were in response to clearly identifiable adverse exogenous events. One is the 9.4 percent decline in the S&P 500 index in response to Iraq's invasion of Kuwait in August 1990; the second is the 14.6 percent drop in the wake of Russia's August 1998 default. Neither event prompted an immediate Fed reaction, however, and consequently neither generated a perverse, positive co-movement between the funds rate and stock prices. But they nonetheless add lot of noise to the equity return process: along with the 8.2 percent decline in September 2001, these two observations account for 18 percent of the monthly variance in the return on the S&P 500 since mid-1989. Consequently, we opt to treat these as outliers, and drop them from the analysis. 12 Table 2 reports the results from a regression of the monthly percentage change in equity prices on the expected and unexpected components of monthly funds rate changes. The top two rows again show the response of the S&P 500 and CRSP value-weighted indices.
As in the results using daily data, there is a strong, statistically significant response to unanticipated rate changes, and little or no response to the anticipated actions. TheR 2 indicates that a respectable seven to eight percent of the variance of monthly stock price fluctuations (excluding the three "outlier" months) can be traced to policy surprises. The size and statistical significance of these estimates appear quite stable over the sample.
It is interesting to note that the magnitude of the response is nearly twice that found in analysis of rate-change days. This difference in magnitudes is readily explained by the time aggregation issue discussed above, however. In fact, if funds rate changes on average take place in the middle of the month (for example, if rate changes were distributed uniformly over the days of the month), then the magnitude of the estimated monthly surprises will be attenuated by one-half, and this would explain the doubling of the estimated response of the stock price.
The pattern of responses across industries, shown in the remaining ten rows of the table, is similar to that observed in the daily data. Again, construction exhibits the largest reaction (two to three times that of the broad market index), while the coefficients for wholesale trade, mining, and utilities are relatively small, and statistically insignificant.
Policy, fundamentals and stock prices
Section 2 above documented the reaction of equity returns to surprise monetary policy actions. We now turn to the specific question posed in the paper title, namely what explains the observed reaction. There are several reasons why an unexpected funds rate increase may lead to a decline in stock prices: it may be because of a decline in expected future dividends, an increase in the expected real interest rate used to discount those dividends, or it may increase the expected excess return (i.e., the equity premium) associated with holding stocks. Simple regressions of equity returns on surprise changes in the funds rate target are silent on the question; a more structured approach is required to disentangle the various effects.
The approach in this paper is an adaptation of the method used by Campbell (1991) , and Campbell and Ammer (1993) . In brief, the first element of their method is a log-linear decomposition of excess equity returns into components attributable to news about real rates, dividends, and future excess returns; the second element is the use of a vector autoregression (VAR) to calculate the relevant expectations. 13 We take the Campbell-Ammer framework one step further, however, by relating these components in turn to the news about the path of monetary policy embodied in the surprises derived from Fed funds futures. This allows us to estimate the impact of Fed funds surprises on expected future dividends, real interest rates, and expected future excess returns. It turns out that the largest (and only statistically significant) effect is on the future excess return component, suggesting that it is this -and not expected future dividends or real interest rates -that accounts for the observed reaction of equity prices.
The object of this analysis is the (log) excess return on equities, denoted y t+1 . This is defined as the total return on equities (price change plus dividends), minus the risk-free rate (taken to be the one-month Treasury bill yield). The return dated t + 1 is measured over period t, i.e., from the beginning of period t to the beginning of period t + 1. Let e y t+1 represent the unexpected (relative to expectations formed at the beginning of period t) excess return during period t, i.e., y t+1 − E t y t+1 .
Using the linearization developed by Campbell and Shiller (1988) , the period t unexpected excess return on equity can be expressed in terms of the revision the expectation of discounted future dividends, the real interest rate, and future excess returns. (A sketch of the derivation can be found in the appendix.) The decomposition can be written as:
where the es represent the revision in expectations between periods t and t + 1, and the tilde denotes a discounted sum, so that
The ρ discount factor, which comes out of the linearization, represents the steady-state ratio of the equity price to the price plus dividend; following Campbell and Ammer (1993) , this is set to 0.9962. As emphasized by Campbell (1991) , equation 6 is really nothing more than a dynamic accounting identity relating the current excess return to revisions in expectations. As such, it contains no real economic content, much less any specific asset pricing model; such a model would be required to provide a link between the conditional expectations of future returns and economic variables (e.g., consumption).
Implementing this decomposition obviously requires empirical proxies for the expectations appearing in equation 6. The approach of Campbell (1991) and Campbell and Ammer (1993) is to model expectations using a Vector Autoregression (VAR) involving the variables of interest (excess returns and the real interest rate) along with any other indicators that might be helpful in forecasting those variables. Calculating the discounted sum of the revisions in expectations is straightforward; to do so involves requires writing the n variable, p lag VAR as a first-order system,
where z t+1 is an appropriately stacked np × 1 vector containing the excess equity return, the real interest rate, and any additional indicators. With the VAR expressed in this form, the ingredients of the identity 6 are given by where s y and s r are appropriate 1 × np selection matrices.
Two features of the Campbell-Ammer method deserve further comment. One is its parametric approach to constructing long-horizon expectations of stock returns: one has to assume that the dynamics of equity returns many years in the future are adequately captured by a parsimonious VAR model. To a large extent, this parametric approach is forced upon us, as the relatively short (12-year) experience with Fed funds futures is not sufficient to directly estimate the long-horizon impact on stock asset returns, particularly in light of the questionable small-sample properties of long-horizon regressions [see Nelson and Kim (1993) ]. But as discussed below, the use of the VAR does allow us to estimate the dynamics of stock returns over a longer sample than the period for which futures data are available.
A second important feature of the approach is that dividends are not included explicitly as a variable to be forecast; given e y t+1 ,ẽ y t+1 and e r t+1 , e d t+1 is backed out from the identity (6). In principle, it would be possible to forecast dividends directly in the VAR, and instead back out an impliedẽ y t+1 . In practice, however, this is complicated by a strong seasonal pattern, and a root near unity in the dividend process. It is important to note that to the extent that the VAR understates the predictability of excess returns, treating dividends as a residual means that the method will end up attributing too much of the return volatility to dividends. 14
The forecasting VAR
The first step is to set up a VAR to capture the dynamic correlations between the excess equity return and the real interest rate (calculated as the one-month bill yield minus the log difference in the non-seasonally-adjusted CPI). The VAR will therefore include these two variables at a minimum, plus whatever other information variables are useful for forecasting them. In their original work, which analyzed the period ending in February 1987, Campbell and Ammer (1993) used a six-variable one-lag system that included, besides the real rate and equity return: the relative bill rate (defined as the three-month bill rate minus its 12month lagged moving average), the change in the bill rate, the (smoothed) dividend price ratio, and a measure of the slope of the yield curve.
A slightly different specification works somewhat better in terms of adjusted R 2 in the more recent period, however. In particular, the yield spread and the change in the T-bill rate, which were useful predictors of equity returns prior to 1987, appear less informative after 1989; consequently these two variables were dropped from the VAR, in favor of year-over-year CPI inflation, which seems to have some marginal predictive power for stock returns. None of these variables is subject to historical revisions, and consequently represent information that would have been available to investors in real time. Table 3 reports the estimated parameters from the one-lag five-variable VAR just described. The adjusted R 2 for the excess return equation of 0.0526 (excluding the effects of the three crisis dummies, which jointly account for nearly 16 percent of excess return variance), is hardly overwhelming, but shows that there is at least some predictability in excess returns. The only regressor significant at conventional significance levels is the relative bill 1990 , August 1998 , and September 2001 . The coefficients (except those on the own lags) in the D/P and relative bill rate regressions have been multiplied by 100 for readability. The "overall"R 2 includes the dummy variables' contribution to the variance explained accounted for by the regression; the "x crisis"R 2 excludes the dummies' effects. The estimated intercepts are not reported.
rate. The dividend-price ratio has the correct sign (positive), but significant at only a 0.13 level; similarly, higher inflation is associated with a reduction in future stock returns, but again the coefficient is only significant at the 0.14 level.
A variance decomposition of equity returns
Equation 6 expresses this month's excess equity returns into three components, which may be correlated with one another. The variance of the current excess return can therefore be broken down into the sum of the three variances, plus (or minus) the relevant three covariances, 
The effects of Fed funds surprises
The most straightforward way to analyze the impact of monetary policy within the framework introduced above is to include the Fed funds surprises in the VAR as an exogenous variable
where φ is an n × 1 vector capturing the contemporaneous response of the elements of An important point is that because ∆r u t+1 represents a prediction error from a rational forecast made at time t, it should be orthogonal to z t . 16 Consistent estimates of both A and φ can therefore be obtained by first estimating the usual VAR (equation 7), and then regressing the VAR's one-step-ahead forecast errors on the funds rate surprises. Normally, there would be no advantage to the two-step procedure over simply estimating equation Notes: The equity return used is the CRSP value-weighted index. Parentheses contain t-statistics, calculated using the delta method. 9 directly. But in our case, using the two-step procedure allows us to estimate the VAR dynamics (i.e., the coefficients in the A matrix) over a sample longer than the period for which Fed funds futures are available. 17 This will of course tend to improve the precision of our estimates.
The dynamic response to funds rate surprises
Incorporating the Fed funds surprises into the VAR in this way allows us to do two things.
First, because it (partially) orthogonalizes the ε t forecast error, we can use it to calculate the dynamic responses of the variables in the VAR to funds rate surprises. In particular, increase in this ratio, which reverts gradually to its long-run level as equity prices rise.
The contractionary funds rate surprise also leads to a sizable increase in the relative bill rate, which persists several months (by construction). The real interest rate initially declines, however, because unexpected rate increases seem also to be associated with higherthan-expected inflation (shown in the lower left panel). The change in the real rate then But again because inflation is increasing, the jump in the real interest rate is transitory.
Overall, the Fed funds surprise is associated with roughly a quarter-point rise in year-over-
year inflation at an 18-month horizon. This result is consistent with those of Goto and Valkanov (2000) , in the sense that monetary policy is, in effect, creating a negative contemporaneous correlation between inflation and excess equity returns.
The strong observed correlation between Fed funds surprises, excess returns and inflation naturally raises the question of whether it is monetary policy per se that causes the decline in stock prices, or the inflationary pressures to which the Fed is presumably responding. This ambiguity is likely due in part to the fact that our Fed funds surprises are not orthogonalized, and thus are not purged of any endogenous response to economic conditions. 18 It is worth noting however that even the orthogonalized monetary policy shocks of Goto and Valkanov (2000) generate a similar set of correlations between returns, inflation, and the Fed funds rate.
Explaining the stock market's reaction to Fed policy
The second thing this approach allows us to do is calculate the impact of the Fed funds surprises on the discounted sums of expected future excess returns, interest rates, and dividends. And since it is these present values that are related to the current excess return through equation 6, this provides a natural way to determine the source (or sources) of the stock market's reaction to monetary policy.
One way to assess policy's effect on these discounted sums is simply to use the VAR to calculateẽ d t+1 ,ẽ r t+1 , andẽ y t+1 , which represent the revisions in expectations of the relevant present values, and regress these variables in turn onr u t+1 . Although this would provide the answer we are after, the standard errors would be misleading, as they would fail to take into 18 Of course this ambiguity inherent in this approach is balanced by its independence from any specific set of potentially controversial identifying assumptions. account the dependence of theẽs on the estimated parameters of the VAR.
An alternative way to do the same calculation is to write out theẽs in terms of the VAR coefficients. Takingẽ y t+1 as an example:
The response of the present value of expected future excess returns to the FF surprise is just
Thus, the response of expected future excess returns depends not only on the φ vector, but also on the VAR dynamics represented by A. Similarly, the response of the present value of current and expected future real returns is
and the implied response of the present value of current and expected future dividends is
The standard errors for these responses can be calculated in the usual way, using the delta method.
The results of these calculations appear in table 5. The top two rows report the estimated impacts of Fed funds shocks for our two broad market gauges, the S&P 500 and the CRSP value-weighted index. The first of the four columns is the impact on the current excess return, corresponding to the initial point in the impulse response function shown in figure This result is readily understood in terms of the impulse responses plotted in figure   3 . Funds rate shocks are estimated to have a small, but highly persistent effect on excess returns, whose discounted value (using a discount factor of 0.9962) essentially balances the current-period gain or loss. The contribution of the real interest rate is small -partly because of the lack of persistence, and partly because unexpected increases in the funds rate are typically associated with higher-than-expected inflation. So, to the extent that Fed funds shocks are followed by predictable changes in excess returns, the effects of monetary policy will be attributed to its effects on future excess returns, rather than to dividends or real interest rates.
This framework also allows us to say something about the reason for the differential impact of monetary policy across industries, as documented in tables 1 and 2. A fivevariable one-lag VAR was estimated for each of the ten portfolios, in a specification like that used for the aggregate equity return. Data limitations, however, require a slightly later starting date for the portfolio-level analysis, and the number of firms in each industry is somewhat diminished.
Overall, the industry-level responses confirm the earlier conclusion that most of the stock market's reaction to monetary policy comes through the its effect on future excess returns. The response of expected future excess returns to a surprise Fed funds increase is positive, and for most portfolios, nearly equal in magnitude to the current equity return response. Four of these are also significant at the 0.05 level; one is significant at the 0.10 level. There is a marginally signifcant response of expected dividends for two industries, manufacturing and utilities. And in no case is the impact on expected real interest rates large or significant.
Conclusions
One contribution of this study has been to document the strong response of the stock market A more difficult question is why stock prices respond as they do to monetary policywhether through the effects on real interest rates, expected future dividends, or expected future stock returns. The results presented in this paper showed, perhaps surprisingly, that the reaction of equity prices to monetary policy is not directly attributable to policy's effects on the real interest rate. The reasons are twofold: first, the contribution of real interest rate variance is small to begin with; and second because funds rate increases are associated with higher-than-expected inflation, monetary policy surprises have only a modest effect on real rates. Similarly, the impact of policy on (the implied path) of expected future dividends is generally quite small, although there is some evidence of a modest contribution in two industries.
Instead, the impact of monetary policy surprises on stock prices seems to come primarily through its effects on expected future excess returns -i.e., the equity premium.
Exactly why policy should affect expected future returns is not clear, however. But the observed correlation between policy and inflation surprises suggests that the effect could be the result of inflation's effect on the equity premium, rather than that of monetary policy per se. This finding corroborates the connection between inflation, monetary policy, and stock returns documented by Goto and Valkanov (2000) , although it is fair to say neither that paper nor this one has fully disentangled the precise nature of the linkages. Resolving this issue is clearly an interesting topic for future research.
Appendix: deriving equation 6
This appendix provides a brief sketch of the derivation of the log-linearized relationship between the current excess return, expected future excess returns, dividend growth, and real interest rates given in equation 6. The derivation roughly follows Campbell and Shiller (1988) and Campbell (1991) . The starting point is simply the definition of the stock return, H t+1 :
where P is the stock price and D is the dividend. Taking logs and letting h t+1 = ln(1+H t+1 ) yields: h t+1 = ln(P t+1 + D t ) − ln(P t ) .
The next step is to derive a log-linear approximation to ln(P t+1 + D t ). One way to do this is to first-difference, and express the change in the log of the sum as the weighted sum of the log differences ∆ ln(P t+1 + D t ) ≈ ρ∆p t+1 + (1 − ρ)∆d t where ρ is the steady-state P/(D + P). "Integrating" this expression gives
and substituting this into the expression for h t+1 and combining terms gives h t+1 ≈ k − ρδ t+1 + δ t + ∆d t (10)
The next step is to solve forward, giving
Substituting this, and a similar expression for δ t+1 , into equation 10 and collecting terms yields:
which corresponds to equation 1 in Campbell (1991) .
A breakdown of excess returns can then be derived by expressing the equity return h t+1 as the sum of a risk-free rate and an excess return h t+1 = r t+1 + y t+1 .
Because it is assumed that r t+1 is known at time t, the "excess return surprise" y t+1 −E t y t+1 is the same as the overall return surprise h t+1 −E t h t+1 . So the risk-free rate can be included in the two-way breakdown as follows:
Again, because E t r t+1 = r t+1 , it doesn't matter whether the summation involving the rs begins at 0 or 1. Finally, letting e y t+1 represent the "excess return surprise" and replacing the summations with the correspondingẽs yields equation 6.
